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(5) Heat activated silicon-based adhesive. 

Adhesive compositions affording strong bonds of high environmental resistance between elastomers and 
substrates such as metals are provided. The adhesive compositions comprise and admixture of i) ciefinic 
organosiiane, ii) water, and iii) an atumino zirconium metallo-organic complex of chelated aluminum moiety, an 
organofunctional ligand and zirconium oxyhalide. The adhesive composition preferably includes a polymer resin 
selected from phenolic-formaldehyde resins, urea-formaldehyde resins, resorcinol-formaidehyde resins or 
melamine-formatdehyde resins. 
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^^^T ACTIVATED SILICON-BASED ADHESIVE 



In the searcB lor the ideal all-purpose adhesive there have fceen develoDed a varlefv nl ,dh..' 
elastomer to be bonded Tha 3 0 fav In^dt. ° T "'''^ 

e,e.a.ed .e^pera^r^s: Z^JZlV ^ ~^L^:::isS Vr I^r^ 
_e™ron™„«, c»di,,ons sue as oils, solvents and ,„ois,ure ,s „«en oSf Z nLi;^'.,,ft:™ 

*;;r=r.re™d,nvs:zr:r;io""^^™'"^^^^ 

. -on e ,s.iive =crd?;Lr;:;i:rrjs„^ -'^^ --^ 

par,rr:rsSr*""^ ^-^-^ - ^ .as,o.errrvS;'s„«re,es. 

.ond^wjoHL' .las.o.,r.s„.s.a» adnesiv, 

II aoout 2.5 to 70% by weigni of an olefinio organosilane 
») aoout .25 to 32% by weight water; and 

Chelated a'ulum moS 'aV'ofanof ' ^ ^'"""'^"^ metal.o-organic complex of 

no e carbon a.oL ir'aLTphtCr o^rbXli/a™ ^ 1^ ^" ''^ 
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wherein R. Is H or an alky! group having 1 to 4 carbon atoms- 

™r:Jo^=*btS j ~ ^ » - -.s or a 

said zirconium oxyhalide moiety has the formula- 

dehyde resins and melamfne-foShydeTests ' ^^^^'^^^^^^'^^'^y'^- --"s. resorcnol-formal- 
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The adhesive ccnpositicr.s are preferably diluted with an inert solvent to a total soiias content of 1 to 
55% by weight, preferably 'ro.m 1 to 12°b by weight. Particuiarly preferred are adhesive compositions of the 
invention including phenoiic-formaidehyde restns, diluted to a total solics content of about 7% by weight. 



DETAILED DESCRfPTiON OF THE INVENTION 



The clefinic organosiiane component of the invention can broadly be described as those organosilane 
corr.pounds capable of undergoing both the hydroiytic reactions typical of aikyi esters of silicic acid and 
10 free radical reactions via the alpha-olefin unsaturated bond that characterizes the connpounds. 
The preferred organosifanes have the structure: 



15 



2 n I -j*^' 



20 

wherein 

PJ is a rr.Gnovalent diiphaiic. cycioaiiphatic or aronnatic radical having from 1 to 20 carbon atoms, and is 
preferably selected from the group consisting of alkyi radicals having from 1 to 4 carbon atoms, cycloaikyi 
radicals having from 4 to 7 ring carbon atoms, aryl radicals having 6, 10 or 14 nuclear carbon atoms, and 
25 such aryi radicals containing one or more substituent alkyI groups having from 1 to 4 carbon atoms; 

R2 is a monovalent aliphatic, cycioaiiphatic or aromatic organic radical containing from 1 to 8 carbon atoms 
and is preferably selected from the group consisting of alkyI radicals having from 1 to 4 carbon atoms, 



30 



-R'^-O-r'^-, and O 



-C-R 



where is an alkylene group having from 1 to 4 carbon atoms and R* is an alky! group having from 1 to 4 
carbon atoms; 

X is zero or 1, and preferably is zero; 

R^ is a divaient hydrocarbon radical, including aliphatic, cycioaiiphatic and aromatic divalent radicals, having 
from 1 to 20 carbon atoms, and is preferably an alkylene of 1 to 4 carbon atoms, cyctoaikylene of 4 to 7 
carbon ring carbon atoms and arylene of 6 to 14 nuclear carbon atoms; and n is 0 or 1. 

Representative organosilanes which are suitable for use in the practice of the invention include without 
limitation vinyitrimethoxysilane, vinyltriethoxysilane, vinyltripropoxysiiane, vinyltributoxysiiane, vinylmethy!- 
dimethoxysiiane, vinylmethyidiethoxysilane, vinylethyidimethoxysilane, vinylethyldiethoxysilane, vinylphenyl- 
dimethoxysiiane, vinylphenyldlethyloxysilane, vinylcyclohexyidimethoxysilane, 2-propenyltrimethoxysilane, 
2-propenyltriethoxysiiane; 2-propenyimethyidiethoxysilane, 2-propenylmethyldimethoxysilane, 2-propenyl- 
phenyldiethoxysilane, 2-propenylcyclohexyidimethexysilane, 3-butenyltrimethoxysilane, 3-butenyltriethox- 
ysiiane, 4-pentenyitriethoxysilane, 4-pentenyltrimethoxysilane, 5-hexenetnmethoxysilane, 5-hexenemethyl- 
dimethoxysiiane, and the like. 

The aluminum zirconium metallo-organic complexes useful in the present invention are commercially 
available and their preparation is described in detail in U.S. Patent No. 4,539,049, hereby incorporated by 
reference. 

In the aluminum moiety Ali(OR,0)aAbBc. pairs of aluminum atoms are joined by bidentate chelating 
tigands wherein 

(1) -OR,0-is an alpha, beta or alpha, gamma glycol in which R, is an aikyI, alkenyl, alkynyi, or aralkyi 
group having from 1 to 6 carbon atoms, most preferably 2 to 3 carbon atoms, such ligancs to be used 
exclusively or in combinations within a given composition, or 
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(2) -OR.O-is an aipha-hydroxy carboxyic acid 



■••-O-CK-COOH 



alanine 

20 
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^^^^^ 

cys,a,„,, c,s«ne. p,„»„,. .vdrorpInra'S:.' Z:^!;^,^"^"'' 

300 tp 4,000, pr,,,,^>, Z^tTo io^2m Z^T 'T' " """"=""" ""'^M in the ,an9e of abou, 

»«o. a. cp„Lsa.p„C«f 0° t:faL'Xr;p"lr 

solv'p„.3 ,nd„p. p r pC tras f °P,'° P'^'p-p'v belpw ,2%, Su,.abte 

~= ~n -ir:ra r.?r ^ 

The a*«,ve cp„,p„„„e„, „, „e p,ese„, ;„.e„,i„„ bave been Lnd Pe pa*uS; ,„i,able ,or 
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30 



35 



poiyamices, poiyestsrs, aramids, metals and their allcvs surh .7 fabrics such as nberglass, 

copoer, brass, bronze, zinc and the like nLZn fl JL , ^i^^inum, 
steel, and the like. ' ^ ^'^"'"^ ^^^"^ phosphatized steel, galvanized 

. dIppLg' s'ptylg rsS'^ndreS'lt^l ^^"'^1"'"" ^ ^^^^^'^'-^ — 

before being broughno emer Are ZZlZTl'' ''l''''''''' ^™ to dry after coating 

a conventional man e fo effect c ina of the a^^- ^^^^'"^^^ ^^^^^^ 

uncured elastomer stock. ' compositions and simultaneous vulcan ization of 

amounts are pa.s by ^^1^:::::^^^:::^:^:^ ^^^^"^ 

othe'^ise n:i:7?he coZ'tiltr ^'^T'"' ''''''^ ^^^^^ primed, unless 

pressure for the sScif'lTle rThrd^Ze'bo'n 'T'''^?"'' °' ^«-P-=*"- 

either 45' and 90° peel angfes '° D-429-B at 

hnni !!f .T"':.^^, ^^^i^^^^'^ *° t-sts, including room temperature, .rt. o„„ ... 

or" 90° an^; ^sTng'^ S^t;' t^n'^iin^sre/'a^d'thrtcf ' T'' ''''' ''^'^ '''^ ^^'^"^ 
test, bonded samLs Ser hav nV bepn h /?! T"""^^ ^^^^ foiling water 

body back from the meta^ Lrmersed in h.r ' ^^"'^^^^^^"^ '^^^'^'^S ^'^^^ "'^ber 

are immersed in 5W st .r^r^S »F ^ToriS hourrT °" '''' ^^P'^ 

relative bond strength by pulling the rubber bodT from the .etar '''''' '''''' 

e.g., 95' R mtnf trat'Sfp'er'r oUhJ?," " '^^"^ ^^^^^"^ °^ '^"-^ -^b- body 

between the adhesive com^sftl I^d the ^e^"^"' ^''^ ^'^^ ^^^^''^-^ failure being 

EXAMPLE 1 

followinglngtlntTln'^Se^r"' ^'^'"^ ^° ^'-^ -om temperature the 



Adhes ive 

40 ~ ^ ; % Weight 



45 



Vinyl triethoxysilane 

Aluminun Zirconate ^ ^ 

Deionized Water 

Methyl Alcohol 

89 . 27 

Total Solid Content Approx, 7.0% 100.00 



5,53 
2.33 
1.85 



50 



(1) 



55 



Amino aluminum zirconium complex prepared by 
conipl.::ing propanolato aluminuoi chlorohydratro zirconiun 
oxychloride and NH^CH^CH^COOH at a Al:Zr mole 
ratio of 9:1^ 



5 



0 280 423 



assembly cured at 3eO'F fcr 3 minutes at a cressure of SQO c-i 



Hot- Oil 



TS 



Lbs. Pull pg^,g^„"', ^s=tl^ 
^aiiure^ %, Failure, % 

: . ■ • ; R -■ •■ ■.. . 

* 90° peel angle 

**at lOO'F.- for 70 hours 



20 EXAMPLE 2 



following ingredients in order: 

25 



■ % Weight 

Adhes ive ■ , ' 
— — . , (Wet) 



40 



Vinyltriethoxysilane 3 82 ■ 

30 Aluminum Z irconat e ^ ^ ^'^^ 

Deionized Water ' ■ * • 

Phenolic Resin 
as Methyl Alcohol 

._34 .72 

Total Solid Content Approx. 7.0% 100 .00 -•• 

Amino aluminum zirconium complex prepared by 
•complexing propanolato aluminum chlorohydratre zirconium 
oxychloride and NH^CH^CH^COOH at a Al:^r mole 
ratio of 9:1. 

ho.s at 3oo»R?r:r.;r tro^rs^ ' ^^^^^^ ^^^^ - --^--^ 

■^^^-^ HUIFEri Pii&T 

-^•3- ... 100 R 75 J, 

■ * 90° peel angle 
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EXAMPLE 3 

The thus-prepared adhesive composition of Example 2 was coated 'on vapor-degreased, cold relied 
steel coupons and allcwed to dry. The coated coupons were then placed into contact with cPDM rubber 
and each assembly cured at 425 = F at 800 psi pressure. Another group of bonded assemblies were similarly 
ore^ared except that the coated coupons after drying v^ere prebaked at 260^ C for 5 m.inutes before contact 
with the EPDM ruober substrate. The bonded assemblies thus-prepared were subjected to the room 
temiperature pull test with the following results; 



J5 



Adhes i ve 

0* Prebake 
5' Prebake 



RT Pull* 



Lbs. Pull 

45 
38 



Failure, % 

95 R 
95 R 



SO"" peel angle 
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EXAMPLE 4 

An adhesive formulation was prepared by first adding to an agitated blend tank at room temperature the 
following ingredients in order: 





% Weight 


Adhesive 


(Wet) • 


Vinyl triethoxysilane 


2.66 


Aluminum Zirconate^^^ 


12.99' 


Phenolic Resin 


10.49 . 


Carbon Black 


2.35 


Ethyl Alcohol 


6 2.90 


Toluene 


8.61 


Total Solid Content Approx. 18.0% 


100 .00 



Amino aluminum zirconiun complex prepared by 
complexing propanaltoaluminum chloro hydrate zirconium 
oxychloride and HH^CH^CH^COOH at a Al:Zr mole 
ratio of 9:1. 



50 The thus-prepared adhesive connposition was coated on zinc phosphatized cold rolled steel coupons 
and allowed to dry. One group (0' Prebaked) of the coated coupons were contacted with a silicone rubber 
substrate and each assembly cured at 340° F for 15 nninutes. Another group of coated coupons (5' 
Prebaked) were prebaked at 260''C for 5 nninutes before contact and curing with the silicone rubber. 

The bonded assennblies were subjected to the RT pull test and the boiling water test with the following 

55 results: 
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75 



25 



Boiling 

RT Pull* Water Test 

Adnesive Lbs. Pull Failure, % Failure, % 

0' Prebake 30 100 R 98 R ■ 

5 • Prebake 20 100 R . 98 R 

• * 90° peel angle 

Futnsr bonded assemblies wer9 prepared by repeating the above procedure but substituting an EPDM 
rubber substrate for the silicone rubber substrate and curing at 425 fcr 2 minutes. The bonded 
assembiies were subjected to the RT puli test with the fcilowing results: 

RT Pull* 



Adhesive ■ Lbs. Pull Failure, % 



5 • Prebake ' 45 93 R 

■* 90 peel angle ' - 

The data of the foregoing examples demonstrate the strong adhesion provided by the adhesive 
compositions of the invention in the bonding of elastomers to metal substrates and also the high 
environmental resistance that characterizes the adhesive composition of the invention. 



Claims 

1. An adhesive composition comprising 
t) about 2.5 to 70% by weight of an olefin organosilane 
35 ii) about .25 to 32% by weight water; and 

iii) about .25 to 20% by weight on a dry basis of aiuminum zirconium metallo-organic complex of 
chelated aluminum moiety, an organofunctionai ligand and a zirconiunn oxyhalide. the organofunctional 
ligand being complexed with and chemically bound to the chelated aluminum moiety and the zirconium; 
said aiuminum moiet/ having the formula: 
40 AI.(OR,0)aAbBc wherein A or B is hydroxy or halogen and a. b and c are numerical values such that 2a 

+ b + c = 6, and (0R,0) is an alpha, beta or alpha, gamma glycol group in which R, is an alkyi group 
having 1 to 6 carbon atoms or an alpha-hydroxy carboxyiic acid residue having the formula: 



45 R O 



50 



1 

-0-CH-C-O- 



wherein is H or an alkyI group having 1 to 4 carbon atoms; 
said organofunctional ligand is an aminofunctional carboxyiic acid having 2 to 13 carbon atoms or a 
mercaptofunctional carboxyiic acid having 2 to 18 carbon atoms; and 
said zirconium oxyhalide mcie^/ has the formula: 
ZrA^Be 

wherein A and B are as aoove defined and d and e are numerical values such that d + e = 4; the 
m.olar ratio of chelated aiuminum moiety to zirconium oxyhaiide moiety being from 1.5 to 10, and the moiar 
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rario of organofunctionai iigand to total metal being from about 0.05 to 2. 

2. An adhesive composition according to Claim 1 wherein the organofunctionai ligano is an aminofunc- 
tional carboxyiic acid having 2 to 6 carbon atoms. 

3. An adhesive compcsition according to Claim 2 wherein the aminofunctional carboxyiic acid is 

NH:CH:CH:COCH. 

4. An adhesive composition according to any one of the preceding claims wherein the clefinic 
unsaturated organosilane is vinyl silane. 

5. An adhesive composition according to any one of the preceding claims including about 1 to 95% by 
weight of an organic solvent-soluble polymer resin selected from the group consisting of phenolic- 
formaldehyde resins, urea-formaldehyde resins, resorcinol-formaidehyde resins and meiamine-formalde- 
hyde resins. 

6. An adhesive composition according to Claim 5 wherein the polymer resin is a phenolic-formaldehyde 
rosin. 

7. An adhesive composition according to Claim 6 wherein the phenolic-formaldehyde resin comprises 
the reaction product of an aromatic hydroxy compound and an aldehyde having from 1 to 8 carbon atoms. 

8. An adhesive composition according to any one of the preceding claims wherein said aromatic 
hydroxy compound is o-cresot. 
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® Heat activated silicon-based adhesive. 

® Adhesive compositions affording strong bonds of 
high environmental resistance between elastomers 
and substrates such as metals are provided. The 
adhesive compositions comprise and admixture of i) 
olefinic organosilane, ii) water, and iil) an alumino 
zirconium metallo-organic complex of chelated alu- 
minum moiety, an organofunctional ligand and zirco- 
nium oxyhalide. The adhesive composition prefer- 
ably includes a polymer resin selected from 
phenolic-formaldehyde resins, urea-formaldehyde 
resins, resorcinol-formaldehyde resins or melamine- 
formaldehyde resins. 
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